Dysphagia induces aspiration and causes aspiration pneumonia. There is no treatment for dysphagia fundamentally. Haloperidol reportedly induces dysphagia. In the present study, we established a haloperidol-induced dysphagia model in guinea pigs, and evaluated the effects of ginger, kikyoto, and a mixture of ginger and kikyoto on swallowing. Swallowing ability was evaluated using behavioral tests, computed tomography (CT), and videofluoroscopic examination of swallowing. To investigate the effect of ginger and kikyoto on swallowing, ginger, kikyoto, or a mixture of ginger and kikyoto was administered orally to guinea pigs with haloperidol-induced dysphagia. Effects of these compounds were evaluated with behavioral tests. Chronic administration of haloperidol reduced the number of swallows, as evaluated by the behavioral test and videofluoroscopic examination of swallowing. In our model, these compounds improved swallowing dysfunction. Our results suggest that this model might be useful in revealing the pathogenesis of dysphagia and evaluating compounds that might improve swallowing.
Introduction
Dysphagia is the impairment of swallowing abilities, and often causes aspiration pneumonia [1] - [3] . Because * Corresponding author. pneumonia is the leading cause of death in the elderly, it is necessary to improve dysphagia. Several compounds were suggested to improve dysphagia [4] - [6] ; however, no available medicine treats dysphagia fundamentally. To date, few studies report about animal models of dysphagia [7] . Therefore, animal models of swallowing dysfunction are required to develop novel therapeutic drugs for the treatment of dysphagia.
It has been reported that dysphagia is induced by various diseases such as stroke, Parkinson's disease, and amyotrophic lateral sclerosis [8] - [11] . Recent studies revealed that dysphagia is present in up to 50% of patients who suffered a stroke [12] [13] . Furthermore, antipsychotic drugs such as haloperidol and olanzapine also induce dysphagia [14] [15] . Administration of haloperidol, which is a dopamine D2 receptor antagonist, induces dysphagia clinically and impairs tongue functions in rats [14] [16] .
In the present study, we established a dysphagia model in guinea pigs with chronic administration of haloperidol. Furthermore, we investigated swallowing dysfunction using behavioral tests and videofluoroscopy. Finally, we evaluated the effects of ginger (zingibers rhizome), which has a positive effect on swallowing in humans [17] . In addition to ginger, we evaluated kikyoto (containing platycodi radix and glycyrrhizae radix), which have the anti-allergic and anti-inflammatory actions [18] [19] , and a mixture of ginger and kikyoto.
Materials and Methods

Animals
Male Hartley guinea pigs were used in the experiments. Guinea pigs were housed at 24˚C ± 2˚C under a 12:12 hr light:dark cycle (lights on from 8:00 to 20:00), and had ad libitum access to food and water. All animal care and treatment procedures were conformed to animal care guidelines of the Animal Experiment Committee of Gifu Pharmaceutical University. All efforts were made to minimize both suffering and the number of animals used.
Generation of a Haloperidol-Induced Dysphagia Model
Haloperidol was obtained from Wako (Osaka, Japan). It was dissolved in saline solution containing 1% acetic acid. Haloperidol (1 mg/kg, at volume of 1 ml/kg) or vehicle (saline containing 1% acetic acid, at volume of 1 ml/kg) was administered subcutaneously twice a day for 15 days. The behavioral tests were performed on day 8 and 9. On days 13 and 15, swallowing ability was investigated with computed tomography (CT) and videofluoroscopy, respectively.
Videofluoroscopic Examination of Swallowing
Before the experiment, guinea pigs were fasting for 3.5 hr. The number of swallows was measured with videofluoroscopy after oral administration of various volumes of the contrast medium (140, 280, 420, 560, and 700 μl). The contrast medium contained barium sulfate and glucose in a ratio of 5:2, and was administered into the upper part of the pharynx. After administration, guinea pigs were placed into a box, and swallowing was recorded for 1 min using videofluoroscopic examination. Swallowing was defined as passage of the contrast medium from the pharynx to the stomach.
Behavioral Test
On days 8 and 9, the number of tongue movements was measured. Swallowing was induced by oral administration of distilled water (400, 500, and 600 μl) into the upper part of the pharynx. Tongue movement was defined as the protrusion of the tongue. Tongue movements were measured for 1 min after the injection of distilled water based on visual inspection.
Treatments in the Haloperidol-Induced Dysphagia Model
Ginger emulsion and kikyoto were obtained from Taiho Pharmaceutical Co. Ltd. (Tokushima, Japan). They were suspended in 0.5% sodium carboxymethyl cellulose (CMC). Ginger emulsion (30 or 100 μl/kg/day), kikyoto (10 or 30 mg/kg/day), the mixture of ginger emulsion (30 μl/kg/day) and kikyoto (10 mg/kg/day), or vehicle (0.5% CMC) were administered orally at volume of 2 ml/kg for 7 days. On day 8, behavioral tests were performed.
Statistical Analysis
Data are presented as mean ± standard error of the mean (S.E.M.). Statistical comparisons were performed using the Pearson's test for correlation, and the one-tailed Student's t-test and one-or two-sided Dunnett's tests for other statistics. We used the JSTAT software (Vector, Tokyo, Japan) or SPSS (IBM, Armonk, NY, USA) for the statistical analysis. Probability (p) values of less than 0.05 were considered statistically significant.
Results
Chronic Administration of Haloperidol Impaired Swallowing, as Examined Using Videofluoroscopy
We investigated the swallowing ability of the guinea pigs with videofluoroscopic examination. We evaluated frequency of the deglutition as the outcome measure of the ability of the deglutition as described previously [7] . The ratio of BaSO 4 to glucose in the contrast medium was 5:2 (n = 2).
We used a C-arm fluoroscope to perform the videofluoroscopic examination of swallowing (the equipment used is shown in Figure 1 (a) and Figure 1(b) ). Firstly, we administered several volumes of contrast medium orally, and measured the number of swallows in untreated guinea pigs. Delivery of the contrast medium from the pharynx to the stomach was observed with videofluoroscopy ( Figure 1(c) ). We defined movement of the contrast medium as "swallowing", and counted the number of swallows for 1 min. The number of swallows correlated with volume of the contrast medium ( Table 1) . Because the number of swallows was the highest after oral administration of 700 μl contrast medium, we used this volume in the following examinations. On day 15 of the haloperidol injection, the number of swallows induced by oral administration of 700 μl contrast medium was measured for 1 min using videofluoroscopy (n = 9). The number of swallows in the haloperidol-treated group was significantly decreased compared with the control group (control: 5.78 ± 0.86, haloperidol-treated: 3.33 ± 1.03) (Figure 1 
Volume of Cntrast Medium in the Stomach and Intestinum Tenue Measured with CT
Similarly, we investigated swallowing ability using CT (the equipment used for the experiment is shown in Figure S1 (a) and Figure S1(b) ). On day 13 of the haloperidol injections, we measured the volume of orally administered contrast medium in the stomach and small intestine (n = 9). There was no difference between the control and haloperidol-treated groups ( Figure S1(c) ).
Administration of Distilled Water into the Upper Part of the Pharynx Induced a Swallowing Reflex
In previous studies, swallowing ability was investigated by the oral administration of distilled water to guinea pigs [20] [21]. Here, we investigated whether distilled water induced a swallowing reflex. We administered 500 μl distilled water into the upper part of the pharynx of guinea pigs with a feeding needle. The protrusive action of the tongue was observed, and defined as "tongue movement" (Figure 2(a) ). The number of tongue movements was measured for 1 min after the oral administration of distilled water (n = 4). The number of tongue movements in the group administered distilled water was significantly increased compared to the sham group (without administration) (Figure 2(b) ). Tongue movements were not detected in the sham group. These results suggest that oral administration of distilled water induced tongue movements.
Chronic Administration of Haloperidol Decreased the Number of Tongue Movements
We investigated the number of tongue movements in the haloperidol-induced dysphagia model (n = 9). On day 8 and 9, the number of tongue movements induced by the oral administration of three different volumes (400, 500, and 600 μl) of distilled water was measured for 1 min. The number of tongue movements was significantly decreased in the haloperidol-treated group compared with the control group for all volumes (Figure 3(a) ). Additionally, we observed a correlation between the number of swallows measured by videofluoroscopy and tongue movements induced by the oral administration of 600 μl distilled water (r = 0.4692, p < 0.05) (Figure 3(b) ), but not 400 or 500 μl distilled water (Data not shown). These results suggest that chronic haloperidol treatment affects the movement of the tongue.
Effects of Ginger and Kikyoto on Swallowing Action in the Haloperidol-Induced Dysphagia Model
Finally, we evaluated the effect of ginger, which has a positive effect on swallowing in humans [17] , on swallowing in the haloperidol-induced dysphagia model [control (vehicle and vehicle treated group), n = 9; haloperidol and vehicle treated group, n = 8; haloperidol and ginger (30 µl/kg/day) treated group, n = 10; haloperidol and ginger (100 µl/kg/day) treated group, n = 9]. Ginger emulsion (ginger) was administrated orally to the haloperidol treated animals for 7 days. On day 8, the number of tongue movements induced by the oral administration of 600 μl distilled water was measured for 1 min. The number of tongue movements was significantly decreased in the haloperidol-treated group compared with the control group. Ginger (100 μl/kg/day), significantly ameliorated the reduced number of tongue movements induced by haloperidol (Figure 4(a) ). In addition to the evalustion of the effect of ginger, the effect of kikyoto, or the mixture of ginger and kikyoto on swallowing was evaluated in the haloperidol-induced dysphagia model by the similar method [control (vehicle and vehicle treated group, n = 12; haloperidol and vehicle treated group, n = 12; haloperidol and kikyoto (10 m/kg/day) treated group, n = 9; haloperidol and kikyoto (30 m/kg/day) treated group, n = 9; haloperidol and the mixture treated group, n = 8. Kikyoto (30 mg/kg/day), and the mixture of ginger (30 µl/kg/day) and kikyoto (10 mg/kg/day) significantly ameliorated the reduced number of tongue movements induced by haloperidol ( Figure  4(b) ). These results indicate that ginger and kikyoto may improve swallowing in the haloperidol-induced dysphagia model. 
Discussion
One of the main purposes of this study was to establish a dysphagia model using guinea pigs. Videofluoroscopy and behavioral tests were used to evaluate the swallowing ability of guinea pigs.
Videofluoroscopy is an effective clinical method to investigate the process of swallowing [22] [23]. Additionally, advice based on the results of videofluoroscopic examination of swallowing can help to avoid aspiration pneumonia [24] . To date, no studies have evaluated swallowing ability with videofluoroscopy in guinea pigs. In the present study, we showed that it is possible to evaluate the swallowing ability with videofluoroscopy using guinea pigs. It was observed that the number of swallows decreased in the haloperidol-treated guinea pigs. This suggests that chronic administration of haloperidol induces dysphagia in guinea pigs. However, there was no difference in the volume of contrast medium in the stomach and small intestine of guinea pigs in the control and haloperidol-treated groups according to CT analysis. It is possible that the contrast medium was mixed with the fluids in the intestine and stomach; thus, amplifying the signal.
Additionally, we evaluated swallowing induced by the administration of distilled water into the upper part of the pharynx using a feeding needle. This behavioral test was evaluated based on visual observations; therefore, this method was easier to perform compared with the videofluoroscopic examination of swallowing. The tongue executes protrusive and retrusive actions during swallowing, and it has been reported that force of the protrusive action is reduced in old rats [25] . Therefore, we focused on the protrusive action of the tongue, and measured this behavior. The number of tongue movements in the haloperidol-treated group was significantly decreased compared with the control group. Additionally, we observed a correlation between the number of swallows measured by videofluoroscopy and the number of tongue movements (for 600 μl). These results suggest that the number of tongue movements might be representative of swallowing ability.
Another purpose of the study was to evaluate the effects of ginger and kikyoto on the haloperidol-induced dysphagia in guinea pigs. Ginger contains numerous pungent phenolic compounds such as 6-gingerol, 6-shagol, 6-paradol, and zingerone [26] . Similar to capsaicin, 6-gingerols are vanilloid receptor 1 agonists [27] . Vanilloid receptor 1 regulates swallowing, and administration of capsaicin improves dysphagia in elderly people and rats with dysphagia induced by middle cerebral artery occlusion [7] [28] [29] . Additionally, it has been reported that gingerol promotes swallowing in young adult women [17] . In the present study, chronic administration of ginger emulsion (100 μl/kg/day) ameliorated the decrease in the number of tongue movements. Kikyoto is a crude drug containing platycodi radix and glycyrrhizae radix extracts. The active ingredient of platycodi radix is saponin and inulin. Glycyrrhizae radix contains glycyrrhizin and other compounds. Kikyoto is reported to have various effects, such as anti-allergic and anti-inflammatory actions; however, no reports implicate its effect in dysphagia [18] [19] . In our animal model, chronic administration of kikyoto (30 mg/kg/day) increased the number of tongue movements, suggesting that kikyoto might improve dysphagia. Further examinations are necessary to reveal its mechanism of action in dysphagia. Finally, the mixture of ginger and kikyoto improved swallowing dysfunc- 
Conclusion
In conclusion, chronic administration of haloperidol induced dysphagia in guinea pigs, and ginger and kikyoto were effective for alleviating swallowing dysfunction in this model. Therefore, our model might be useful to clarify the pathogenesis of dysphagia and to test compounds that might improve swallowing.
